We present a series of 16 patients treated between 1993 and 2006 who had a failed total ankle replacement converted to an arthrodesis using bone grafting with internal fixation. We used tricortical autograft from the iliac crest to preserve the height of the ankle, the malleoli and the subtalar joint. A successful arthrodesis was achieved at a mean of three months (1.5 to 4.5) in all patients except one, with rheumatoid arthritis and severe bone loss, who developed a nonunion and required further fixation with an intramedullary nail at one year after surgery, before obtaining satisfactory fusion. The post-operative American Orthopaedic Foot and Ankle Society score improved to a mean of 70 (41 to 87) with good patient satisfaction. From this series and an extensive review of the literature we have found that rates of fusion after failed total ankle replacement in patients with degenerative arthritis are high. We recommend our method of arthrodesis in this group of patients. A higher rate of nonunion is associated with rheumatoid arthritis which should be treated differently.
Ankle replacement has had a resurgence of interest with improved mid-term results now being reported with the newer designs compared with poor results from earlier prostheses. [1] [2] [3] [4] [5] Although the survivorship of the second generation of ankle replacements has improved, it still does not match that of total hip and knee replacement. A higher level of reoperation after total ankle replacement (TAR) has been reported. 6 Surgery after a failed TAR presents considerable challenges for the surgeon who will often be faced with extensive bone loss, poor soft tissues and hindfoot pathology. Revision arthroplasty has not been shown to be a reliable option leaving arthrodesis as the preferred management.
We report a series of 16 patients who had a failed TAR converted to an ankle arthrodesis using tricortical autograft from the iliac crest to preserve height, while maintaining the malleoli and subtalar joint. Our aim was to evaluate the place of this technique and to assess the outcome.
Patients and Methods
Between 1993 and 2006, 16 patients with a failed TAR underwent arthrodesis by the senior author (TJ). There were 11 women and five men with a mean age of 54 years (24 to 78). The initial diagnosis was either primary or post-traumatic osteoarthritis (OA) in 13 patients, rheumatoid arthritis (RA) in two and pigmented villonodular synovitis in one patient. The implants used included eight Salto (Tornier Implants, Grenoble, France) prostheses, three Buechel Pappas (Endotech Inc, South Orange, New Jersey) prostheses, two STAR (Waldemar Link, Hamburg, Germany), one New Jersey (DePuy, Warsaw, Indiana), one Ramses (Ortho, Heimsbrunn, France) and one custom-made implant (Table I ). The mean time from TAR to arthrodesis was 41 months (10 to 144). In most cases, the mode of failure was aseptic loosening and migration of components (Fig. 1) . In two patients, initial osseous integration of the prosthesis had not been achieved leading to early failure. In addition, one arthrodesis was undertaken for persistent pain in the absence of an identifiable cause and one for failure resulting from infection.
The arthrodesis was the primary revision procedure in the 15 patients with aseptic failure of their TAR. For the patient with infection the arthrodesis was staged with removal of components and debridement of the joint and external fixation before bone grafting and internal fixation as a second procedure once the infection has been eliminated. Operative technique. The principles on which the procedure is based are preservation of the height of the ankle by replacing bone loss with Foot and Ankle corticocancellous autograft while maintaining the malleoli to improve rotational stability with control of normal tracking of the tendons and preservation of the subtalar joint. The technique is a modification of that previously described by Groth and Fitch. 7 The use of corticocancellous graft was first described by Chiunard and Peterson 8 although Campbell, Rinehart and Kalenak 9 modified the orientation of the graft from horizontal to vertical which is our preferred technique.
The ankle is exposed through the previous anterior incision and the implants removed with care to minimise further bone loss. The joint is debrided of all nonviable bone and scar tissue. Corticocancellous bone graft is harvested from the iliac crest and fashioned to obtain optimal filling of the joint space with two or three corticocancellous grafts orientated vertically. The height of the graft is tailored to fit the cavity. The foot is positioned with the ankle in neutral flexion or a few degrees of dorsiflexion, valgus angulation of the hindfoot 0˚ to 5˚ and external rotation of 5˚ to 10˚ to allow greatest compensatory movement of the foot and less strain on the knee. 10 The contralateral side is used as a reference. The strut grafts are impacted into position, providing initial primary stability from the vertically orientated cortical bone and the cancellous bone gives the stimulus for osteogenesis. Screw fixation with 4.5 mm cortical screws is performed without breaching the subtalar joint (Fig. 2) . From the anterior cortex of the tibia to the body of the talus two crossing screws are inserted in a lagged manner, the lateral screw being generally longer. One lag screw is inserted percutaneously from the fibula to the tibia and another from the lateral malleolus to the talus for additional stability. Intra-operative radiographs are taken to ensure that the subtalar joint is preserved.
When there is concern that optimal fixation has not been achieved a bridging plate is applied with two or three bicortical screws in the tibia, and two in the neck/ head of the talus (Fig. 3) . Post-operative management. The patients were immobilised, non-weight-bearing in a below-knee cast for two months and then allowed to weight-bear in a cast for a further month. Anteroposterior (AP) and lateral radiographs were taken at each clinical review and if doubt continued regarding union CT was performed at three months. All patients were reviewed post-operatively and a retrospective review of the medical notes and radiographs undertaken. The mean follow-up was three years and eight months (six months to 13 years) after arthrodesis. Radiological evidence of union was indicated by the presence of bridging trabeculae at the level of the arthrodesis. Clinical assessment of union was determined by the absence of movement and pain on stressing the arthrodesis and movement at the subtalar and midtarsal joints was assessed. The American Orthopaedic Foot and Ankle Society (AOFAS) 11 hindfoot scores were recorded at follow-up. This system provides an overall outcome score out of 100, of which a possible 50 points can be scored for function, 40 for pain and 10 for alignment. Pre-operative scores were recorded in 12 of 16 patients, and post-operative scores in all 16. In addition, all patients were asked to rate their satisfaction with the outcome from excellent, satisfactory, unchanged and unhappy.
Results
All 16 patients had a successful arthrodesis both clinically and radiologically (Table I ). The mean time from arthrodesis to fusion was three months (1.5 to 4.5). The mean AOFAS score pre-operatively was 31 (12 to 56); and at the most recent review was 70 (41 to 87). Subjectively, six patients rated their outcome as excellent and ten as satisfactory. The subtalar and midtarsal movement was generally maintained at the level found before arthrodesis. In the patients with RA the subtalar joints were already severely compromised by the arthropathy. In one patient, the subtalar joint had been fused before the original replacement and in the other it was fixed at the same time as the ankle arthrodesis. Complications. No patient had wound breakdown, haematoma or infection. One patient with RA (case 9) developed nonunion. She had considerable bone loss at the talus and the initial corticocancellous grafting failed to unite. This was revised 12 months after the arthrodesis with the use of an intramedullary nail and successful fusion was then obtained.
Discussion
Ankle arthrodesis after a failed TAR has been recognised as a particularly difficult procedure with high rates of compli- cation, such as nonunion, and often results in considerable shortening. The management of failed TARs has been the subject of several studies advocating different methods of fixation. These are summarised in Table II . 7, [12] [13] [14] [15] [16] [17] [18] [19] [20] Our results compare favourably with other series. Successful union was achieved in all our patients except one who developed a nonunion. The mean time to fusion was three months.
In all of our patients in whom the AOFAS score was recorded before arthrodesis, a considerable improvement was achieved. Direct comparison with other series is difficult since not all have included a post-operative score, some have used a different scoring system, and some series contain more patients with RA. However, the mean AOFAS score achieved in our series is better than that recorded by others, 12, 13, 16 which we believe, in part, is attributable to the principles of our technique and is approaching reported outcome scores following primary ankle arthrodesis. 21 We acknowledge that the most popular hindfoot scoring system, the AOFAS score, has not been validated and therefore caution should be used when comparing studies. 22 We feel that our technique of protecting the subtalar joint by not including it in the fusion whenever possible and ensuring that function is not impaired by malaligning the hind foot in varus is fundamental to obtaining a good result. The tricortical graft with internal fixation also allows height to be preserved and is beneficial to the function of the tendons 23 and to the gait since the fused ankle limits the ability of the foot to compensate for a leg-length discrepancy. The malleoli are preserved which benefits rotational alignment 13 and tendon function. It is of note that the mean age of the patients in our series at the time of the arthrodesis was only 54 years and that this group had experienced failure of their TAR at a mean of only 41 months. Whether these early failures are representative of the steep learning curve associated with TAR or of a higher risk of failure in the younger population as identified by Spirt et al, 6 is difficult to determine. The two largest studies published in the literature report an identical mean time to arthrodesis as that in our series. 15, 20 Our review of the literature of ankle arthrodesis after failed TAR showed that external fixation in conjunction with autograft was the predominant method in three of the largest series. 15, 17, 20 However, the corticocancellous graft was rarely placed with vertical orientation to restore the height of the ankle reliably. Although in some cases it was possible to spare the subtalar joint this was generally not the case and external fixation was usually followed by immobilisation in a cast often for lengthy periods. In addition, external fixation has the drawback of the possibility of pin-track infection and requires greater co-operation from the patient.
The use of intramedullary nailing to achieve an arthrodesis has been reported in three recent studies. 13, 14, 16 Bone graft was usually used although not as a structural graft. The major disadvantage of this method is that the subtalar joint is sacrificed in the hindfoot fusion and it is likely that some degree of shortening will result, despite the use of locking screws. This technique is very useful for the salvage of a nonunion or in cases in which only a minimal amount of the talus remains. This situation occurs more commonly in patients with RA in which the subtalar joint is often already severely compromised.
Those studies which used internal fixation as the method of fixation varied considerably both in the technique and results with none adhering to our principles. In the series reported by Hopgood et al 13 the tibia and talus were always brought into contact with autograft, or more often synthetic substitute was used to fill cavities. Therefore shortening was inevitable. In the series by Gabrion et al 12 a tricortical graft similar to that used by us was employed to restore length but less emphasis was placed on the preservation of the subtalar joint which was often included in the fusion. This may explain the lower AOFAS scores.
The severity of bone loss and the quality of bone remaining are likely to have an important influence on obtaining a satisfactory arthrodesis. The series of Hopgood et al 13 provides an interesting overview. In this study there were eight patients all with OA who underwent tibiotalar arthrodesis with compression screws and achieved satisfactory union. In five patients with more extensive bone loss a tibiotalocalcaneal arthrodesis with compression screws was performed, but the four patients with RA all developed nonunion. In all series reporting higher rates of fusion, the case load contained few if any patients with RA. 7, 14, 17, 18 In those series with a higher number of patients with RA 13, 15, 16, 20 the fusion rates were lower (Table II) . In the series of Hopgood et al 13 greater success was obtained by the use of intramedullary nailing to achieve fusion in patients with RA, a finding in agreement with the recommendations made by Anderson et al 16 following the series from Sweden which contained the largest series of patients with RA. 15 It was concluded that the use of the intramedullary nail in this group was preferred to external fixation since the problems of pin-track infection were avoided, rehabilitation was faster and the surgery less technically demanding. Internal fixation with screws was not advised in these patients.
It would appear that a distinction should be made between patients with bone of poor quality and extensive bone loss, as is often the case with rheumatoid patients, and those with a non-inflammatory arthropathy and better bone quality.
In our one case of arthrodesis for failure from infection in an ankle replacement, we used an external fixator to maintain length as part of a staged procedure to eradicate the infection before bone grafting. External fixation has been successfully used in several series of ankle arthrodesis performed for infection 14, 15, 20 and is ideally suited to the variety of procedures which may be required.
In our study, similar to earlier reports, 13, 14, 17, 20 we were able to achieve a successful arthrodesis, with a single surgical procedure and minimal fixation in all our patients whose original diagnosis had been degenerative disease. A tibiotalar calcaneal fusion results in a stiff foot which is unable to adapt to uneven ground, loses shock absorption and has reduced propulsion. 24 With the encouraging results achieved in our series the use of an intramedullary nail and the sacrifice of the subtalar joint or the use of external fixation which generally must cross the subtalar joint, would seem to be unnecessary.
From our series and a review of the literature, it would appear that a successful fusion and a good clinical outcome can be expected in patients with degenerative arthritis in whom the bone quality and bone stock are generally better preserved. In such patients, we advocate the principles of autologous tricortical graft fusion with internal fixation which preserves the height of the ankle, the malleoli and the subtalar joint. 
